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Abstract

In the Eastern Prebetic Zone of SE Spain, upper Cretaceous to lower Eocene hemipelagic sequences deposited in the ancient
southern passive continental margin of [beria are well exposed. The long-term stratigraphy of these sequences i1s punctuated by six
regional tectonic events, which induced rapid changes in palacogeomraphy and regional tectonics. Each event configured a new
genetic scenario for sedimentation, which lasted until the next tectonic reorganization and, in tum, controlled the deposition of an
event bounded stratigraphic unit (EBSU). The ages of these event, determined chronobioswatigraphically, are: intra-Coniacian,
late Santonian, “mid” Maastwichtian, latest Maastrichtian earliest Banian, late Thanetian and intra- Ypresian. All the events, but the
first, are interpreted here as the result of contractional tectonic pulses, related to changes in inwaplate stresses during the onset of
African European convergence. Through correlations with both adjacent shallow marine carbonates (Prebetic platform) and basin
pelagites (Subbetic), along with other basins of Iberia and North Africa, the long-term evolution of the continental margin is
integrated within the geodynamic framework of the western Tethys.
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1. Introduction

Event stratigraphy is an excellent teel fer subdividing
stratigraphic recerds and establishing high-reselutien
cerrelatiens between ceeval successiens eof different
depesitienal settings in a sedimentary basin. It is patticu-
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larly useful: (1) fer the analysis ef thick, relatively heme-
geneeus, deep marine successiens, where sea-level
changes are net clearly recerded and biestratigraphic
studies are incempatible with high reselutien stratigraphy;
and (2) fer detailed cerrelatiens between such hemege-
neeus successiens and their cerrelative shallew marine
sequences, in the absence ef a well preserved platferm-te-
basin transitien.

These twe circumstances eccur in mest pelagic/
hemipelagic carbenate series that breadly develeped in



the western Tethys during latest Mesezeic and earliest
Cenezeic times. These series ferm wide and relatively
hemegeneeus pelagichemipelagic units — such as the
“scaglia” facies eof Italy and the “chalk” sequences ef
Western Eurepe — which, despite their utility fer hydre-
carben expleratien, are difficult te subdivide and analyse.
In additien, their cerrelatien with nearby shallew car-
benate platferms is usually preblematic and limits finther
understanding ef the evelutien ef sedimentary basins.

The upper Cretaceeus and Palacecene hemipelagic
carbenates analyzed in this paper are net exempt frem
these preblems. These carbenates were depesited in the
ancient seuthem centinental margin ef Iberia — the se-
called Betic Margin — and, fer years, have been difficult
te subdivide and precisely cerrelate with ceeval shallew
marine successiens, mainly because of the lack ef precise
elements fer time-cerrelatiens (e.g., Vera et al., 1982).

In this paper, we repert the leng-term event stratigra-
phy ef the upper Cretaceeus and Palacecene depesits of
the preximal hemipelagic/pelagic settings ef the Betic
Margin and discuss the relatienship between the events
identified and the develepment ef the basin, its tectenic
histery and glebal events.

2. Geological framework and study area

The Prebetic is a bread Alpine tectenic unit that
cerrespends te the euter pertien of the fereland feld-and-
tbrust belt of the Betic Cerdillera, in SE Spain. It censists
of a para-autechtheneus sedimentary cever of Mesezeic—
Cenezeic age, which became detached frem the Variscan
basement aleng Upper Triassic evaperites during the main
eregenic stage, in the Early and Middle Miecene. The
sedimentary cever was eriginally depesited in the
seuthern centinental margin ef Iberia (Fig. 1), a basin
derived frem the break-up and divergence of Aftica and
Eurepe in the Mesezeic, which during the late Creta-
ceeus—early Cenezeic underwent transitien frem a
passive te a cenvergent margin (e.g., Martin-Chivelet
et al., 2002).

The Prebetic unit includes thick carbenate succes-
siens (up te 1000 m) ef Late Cretaceeus and Early
Palacegene age that were depesited in envirenments
ranging frem ceastal te bathyal. @n the basis ef these
series and frem a palacegeegraphical perspective, we
differentiate between a nerth-western area, er Prebetic
Platform, defined by the deminance ef shallew marine
carbenates, and a seuth-castern regien, er Hemipelagic
Prebetic, characterized by deeper facies (Fig. 1).
Unfertunately, the platferm-te-basin transitien is peerly
preserved, since the platferm margin was strengly
defermed during final cempressien episedes.

This repert fecuses en the Hemipelagic Prebetic area,
spanning mest ef the Alicante prevince and part ef the
Murcia prevince in SE Spain (Fig. 1). This zene, with
excellent expesures ef upper Cretaceeus and Palacegene
hemipelagites, eccupies a unique palacegeegraphical
pesitien, between the shallew carbenate settings ef the
“Prebetic platferm” (e.g., Feurcade, 1970; Azema et al.,
1979; Martin-Chivelet, 1992) and the deepest pelagic
envirenments of the Subbetic (e.g., Garcia Heméandez et
al., 1980; Vera, 1986; 1988). The latter censtitutes an
allechtheneus tectenic unit, everthrusting the seuthemn-
mest pertien ef the Prebetic. Fer the purpese of regienal
cemparisens, we alse examined the Subbetic Zene near
Caravaca de la Cruz, a werld-wide reference area fer the
study ef glebal bieevents (i.e., Cretaceeus—Palacegene
— K/P — and Palacecene—Eecene — P/E —
beundaries: Canude et al., 1991; Melina et al., 1994,
Canude et al., 1995; Melina et al., 1998; Kaihe and
Lamelda, 1999; Arz et al., 2000; Melina et al., 2005;
Chacén and Martin-Chivelet, 2005a; ameng ethers).

3. Methods and data

The stratigraphic analysis ef meneteneus sedimen-
tary successiens, in which relative sea level changes are
barely recerded, requires that we de-emphasis “pure”
sequence stratigraphic metheds and search fer altema-
tive criteria te chrenestratigraphically subdivide and
genetically interpret sedimentary infill at time scales of
10°—10° years. Ameng these criteria, the recegnitien
and characterizatien ef stratigraphic events (and the
stratigraphic reck units they beund) in such sedimentary
recerd appears as a useful teel.

Using this appreach te analyse and cerrelate the late
Cretaceeus and Palacecene hemipelagic carbenate
successiens ef the Prebetic, we characterized a series
of stratigraphic events that can be traced, at least en a
regienal scale. These events, and the resultant event
bounded stratigraphic units (EBSUs) cemprise a new
regienal stratigraphic framewerk and a seund basis fer
interregienal cerrelatiens.

The cencept ef “event” in the stratigraphic literature
is rather different depending en the authers and their
scientific disciplines (e.g., Einsele et al., 1991; Walliser,
1996; Einsele, 1998). In the present werk, the terms
“event” and “event herizen” are used in a wide
geelegical sense. We censider events as rare — but
net necessarily exceptienal — and rapid — but net
strictly instantaneeus— precesses that eccur in (er
affect) a regien. These incidents can be ef different erigin
and duratien and can cause abrupt changes in sedimen-
tatien, ecelegy, bielegy, gcegraphy and accemmedatien
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Fig. 1. Geological and palacogeographical location of the study area. A) Present location in the western Mediterranean of the main Cretaceous—
Palacocene palacogeographic domains and basins, including the ancient southern continental margin of Iberia. B) Late Cretaceous (late Santonian)
palaeogeographic reconswuction of the same area according to Ziegler (1988). C) Location of the study area and main statigraphic sections in SE
Spain cited in this paper. This map shows the main tectonic units and palaecogeographical features mentioned in the text.

patterns. The stratigraphical recerds ef such events are
the event herizens, which can be depesitienal, nen-
depesitienal er eresienal (e.g., Einsele, 1998). As the
respense te an event may be different depending en the
envirenment, water-depth, geegraphic lecatien, etc.,
event herizens always change laterally. The same event
can be recerded at different lecatiens in a basin as a
sedimentary bed, as an uncenfermity, as a hiatal surface,
or as a rapid change in the sedimentary facies er fessil
assemblages.

An impertant aspect te censider is that each event net
enly represents a shert time interval during which cer-

tain envirenmental cenditiens are previsienally altered,
but alse induces substantial permanent palacegeegra-
phical and basin changes that last until the next event
takes place. Thus, each event prepares the scenery fer
the next EBSU te be generated, and each EBSU cens-
titutes a genetic unit that cemprises depesits generated
in different, yet cectanceus, sedimentary settings, gene-
tically related by a series ef tectenesedimentary and
envirenmental cenditiens, which prevail until abruptly
medified by the fellewing event. These genetic cendi-
tiens invelve, ameng ether aspects, subsidence patterns,
palacegeegraphy, water-depth, and envirenments.
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Fig. 2. Correlation panel for the Coniacian to Ypresian interval in the “Hemipelagic Prebetic”. The section of Caravaca (Subbetic) has also been
included. Note that the horizontal scale is arbitrary, and that logs are arranged according to their palacogeographic proximity to land.

The results herein presented are based en the study ef
20 stratigraphic sectiens and several lecal eutcreps that
were investigated in detail fer the Ceniacian te Ypresian
interval (Fig. 1). Facies analysis permitted the character-
izatien ef sedimentary envirenments and their changes
threugheut these sectiens, and biestratigraphic studies,
mainly based en the distributien ef planktenic feraminif-
era (detailed in Chacén et al., 2004), have allewed the
precise age-dating of the successiens. In these studies, six
main event herizens were characterized, dated and
cerrelated. The herizens subdivide the upper Ceniacian
te Ypresian series inte five main reck packages er EBSUs.

The distributiens ef event herizens, lithestratigraphic
units, biezenes and EBSUs are shewn in Figs. 2, 3 and 4.

The duratien ef these EBSUs ranges frem less than
3 millien years te mere than 10. The events eccurred
much mere rapidly and always in time lapses netably
sherter than their chrenebiestratigraphy is capable ef
reselving.

4. Event stratigraphy and basin development

In this sectien, the leng-term develepment ef the
hemipelagic/pelagic demains ef the Prebetic is presented
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Fig. 3. Chronost#ratigraphic summary chart for the Coniacian—Ypresian interval showing spatial and temporal diswibutions of lithostratigraphic units,
hiatuses and event bounded units (EBSUs). Time scale after Gradstein et al. (2084).

fer the interval late Ceniacian te Ypresian. This sectien is
erganized accerding te the six main event herizens
identified in the study area and te the sedimentatien that
teek place between each twe successive events, recerded
in the five event beunded stratigraphic units. All events
and units are described in chrenelegical erder.

4.1. Pre-Coniacian basin development

Inthe Betic Margin, the late Albian—mid Cenemanian
interval is characterized by a remarkable absence ef
tectenic activity, with thermal ceeling ef the lithesphere
and eustatic changes being the main facters centrelling
basin accemmedatien changes (Martin-Chivelet, 2003).
Aleng with the mid Cretaceeus sea level highstand, this
situatien allewed the spread ef shallew marine waters
tens of kilemetres landwards, giving rise te the widest
carbenate platferms knewn in the area. This episede of

relative tectenic quiescence ended hewever in the mid
Cenemanian, which saw the start of a tectenically un-
stable peried centinuing until the early—middle Cen-
iacian. Tectenic activity, reperted in different areas ef the
Prebetic (e.g., Heedemacker, 1973; De Ruig, 1992;
Martin-Chivelet, 1992, 1995, 1996; Chacén, 2002,
Chacén and Martin-Chivelet, 2003), preveked a cem-
plex scenery ef tepegraphic highs and treughs; in res-
pense te multi-phase reactivatien er the generatien ef
listric faults.

®n the Prebetic Platferm, listric fault mevements
caused the develepment ef an ENE-WSW cemplex
treugh with shallew marine carbenate sedimentatien,
beunded by twe clevated and emergent areas lacking
sedimentatien (Martin-Chivelet, 1995). @ne ef these
areas, tewards the NW, reughly ceincides with the se-
called Albacete Domain, a stable, lew subsident, semi-
cratenic zene attached te the centinent. The ether area, te
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Fig. S. Field aspects of the Turonian—Coniacian event and EBSU-1. A) Biscontinuity (outlined) in the Busot section. White arrow marks the top of the
section. B) Bioturbation and micritic lithoclasts included at the base of EBSU-1 after the Turonian—Coniacian event in the Maigmé section. C)
Monotonous hemipelagic succession of limestones and marly limestones of EBSU-1 (Naveta Fm) in the Jijona section. B) Part view of EBSU-1
(Naveta Fm) in the Maigmé section. E-F) Biagnostic planktonic foraminifera species in EBSU-1: Bicarinella cencavata (E) and Dicarinella

asymetrica (F).

the SE, cerrespended te an emergent, narrew and
intensely-clengated bleck, which separates shallew
waters frem these ef the hemipelagic area basinwards
(Fig. 1). This area, designated Franja Anomala (“Anem-
aleus fringe”) by Martinez del @lme et al. (1982),
extended ever several hundreds ef kilemetres aleng the
Prebetic fer much ef late Cretaceeus, and censtitutes the
nerthwestern limit ef the area censidered in this paper.
Basinwards efthe Franja Anémala, late Cenemanian te
early Ceniacian bleck mevements alse cenfigured cem-

plex geemetries of treughs and permanently submerged
highs, beunded by listric faults (De Ruig, 1992; Chacén,
2002). Treughs were partially filled by the discentinueus
syntectenic depesitien ef hemipelagic carbenates and
marls, with seme elistheliths, whilst the highs became
characterized by cendensed hemipelagic sedimentatien
and/er hardgreund develepment (Chacén, 2002). Ameng
these, the Torremanzanas High in the centre of the study
area, fermed a pesitive tepegraphic feature during mest ef
the Late Cretaceeus and prebably the early Palacegene,



separating shallewer hemipelagic sediments te the WNW
frem deeper enes te the ESE (Figs. 2, 3 and4). In this area,
De Ruig (1992) described preserved listric faults that were
active during the late Cenemanian—Turenian interval.
These faults were sealed by early ‘Senenian’ depesits,
suggesting that fault main activity ceased during latest
Turenian er early Ceniacian times, altheugh they later
underwent several episedes of reactivatien.

4.2. Intra-Coniacian event

The end of the main phases ef tectenic mevements ef
the late Cenemanian—early Ceniacian preveked a
stratigraphic event, recerded regienally en a hiatal surface
that represents a variable gap. Cenemanian te upper
Turenian depesits were everlain by upper Ceniacian,
Santenian er even yeunger sediments. This heterechre-
nicity is due te the inherited tepegraphy ef the previeus
tectenic mevements.

In the sectiens where minimum hiatuses were feund
(Maigmé and Jijena Castle sectiens, see Fig. 1 fer le-
catien), sedimentatien after the event started in the late
Ceniacian (middle—upper part ef the Dicarinella con-
cavata Zene) (Fig. 4). In these zenes, ne well develeped
hardgreunds were feund, but a net increase in bieturbatien
was ebserved tewards the tep ef the underlying unit and
small litheclasts ef these depesits appeared, incerperated
in the basal level of the everlying unit (e.g., Maigmé),
indicating sea fleer hardening and seme ecresien and
rewerking ef the lithified sediment prier te the re-start of
sedimentatien (Fig. 5).

4.3. EBSU-1 (upper Coniacian—upper Santonian p.p.)

This renewed tectenic stability and tepegraphy
inherited frem Cenemanian—Turenian tectenism (in
which the Franja Anémala and the Terremanzanas High
are the mest preminent features), centrelled hemipelagic
sedimentatien in the basin during the late Ceniacian te the
earlier part of the late Santenian interval. Asseciated with
the previeus tepegraphy, preneunced changes in sediment
thickness eccuired and the base of the successiens shews
significant heterechrenicity (Fig. 2). The unit is absent
frem the Franja Anémala (Carche, Salinas, Mariela
sectiens) and the Terremanzanas High (Terremanzanas
sectien). In the Franja Anémala, there is seme evidence of
subaerial expesure fer this peried (Martin-Chivelet, 1992,
1995), whilst in the Terremanzanas High, preminent
hardgreunds and cendensed sectiens develeped.

Sedimentatien in depressed areas is cemprised ef
thin-bedded, nearly pure, fine grained hemipelagic
biemicrites (Fig. 5). These limestenes censtitute fairly

meneteneus hemipelagic successiens within the frame-
werk ef enly ene lithestratigraphic unit, designated the
Naveta Fermatien (Chacén and Martin-Chivelet, 2005b)
(Fig. 3). The Naveta Fm is late Ceniacian te late
Santenian in age (it includes the middle-upper part ef the
D. concavata Zene and the Dicarinella asymetrica
Zene) and mainly censists ef white wackestenes with
abundant calcispheres and planktenic feraminifers.

This sedimentatien was endured until the late
Santenian, when a new regienal tectenic event teek
place in the basin. The tectenic episede, recerded in all
the sedimentary successiens, marks the upper beundary
of EBSU-1.

4.4. Late Santonian event

During the late Santenian interval, a regienal tectenic
event affected the basin, substantially medifying the
palacegeegraphy and envirenmental cenditiens. Re-
newed fault mevements led te regienal subsidence
variatiens and submergence ef the tepegraphic high ef
the Franja Anémala.

This event was recegnized in all the sectiens examined,
altheugh its stratigraphic recerd varies frem ene te ane-
ther. In the depressed areas, where sedimentatien was
mere centinueus (Maigmé, Caravaca), the event was
registered by a transitienal zene within the hemipelagic
sequences, in which a rapid increase in fine siliciclastics is
the mest ebvieus change. In ether sectiens, such as
Aixerta, the event is marked by a hiatal surface that is
semetimes accempanied by a debris flew bed, reflecting
seme instability ef the sea fleer (Fig. 6). In the previeusly
emerged Franja Anémala, the event represented a drastic
palacegeegraphic change: the area sunk rapidly leading te
the develepment ef epen platferm cenditiens. The
resulting depesits, latest Santenian in age, everlay the
palacealteratien surface develeped en mid Cenemanian
shallew marine carbenates. In centrast, the Terremanzanas
High persisted as a submerged, elevated bleck, after the
tectenic event.

The age of the event is late Santenian and eccurred
within the D. asymetrica Zene (Aixerta, Maigmé). In
places where there is discentinuity, the resumptien ef
sedimentatien after the event usually varies frem latest
Santenian (D. asymetrica Zene, Carche sectien) te early
Campanian (Globotruncanita elevata Zene, Jijena
Castle sectien) (Fig. 4).

4.5. EBSU-2 (uppermost Santonian—lower Maastrichtian)

After the latest Santenian event, sedimentatien
centinued in a hemipelagic setting cemparable te that ef



Fig. 6. A) Latest Santonian unconformity (outlined) in Busot, bounding Santonian deposits (top of EBSU-1) and upper Campanian sedimens (EBSU- 2).
The unconformity is here marked by a hardground, and the associated hiatus includes the latest Santonian to early Campanian interval. B)
Microphotograph of the hardground, showing pelagic microstwromatolitic laminae. C) Bebris flow deposit that marks the latest Santonian event in the
Aixoita section. B, E, F and G) Different ficld aspecs of EBSU-2 in (B) the Maigm6 section (Carche Fm); (E) Carche section (Carche Fm); (F) Aspe
section (Aspe Fm); and (G) Jijona-Torremanzanas area (Aspe Fm). H-I). Biagnostic planktonic foraminifera species in EBSU-2: Glebetuncanita
calcarata (H) and Glebetruncanita elevata (I).



EBSU-1, but with slightly deeper water-depths and the
characteristic feature ef including fine siliciclastic
depesits. Sedimentatien, hewever, teek place in a new
basin scenarie, in which the previeusly preminent
tepegraphic high efthe Franja Anémala had disappeared.

These depesits are framed within EBSU-2, latest
Santenian te early Maastrichtian in age. EBSU-2 is repre-
sented by twe lithestratigraphic units (Fig. 3), reughly age
equivalent, but shewing substantial differences in facies,
stratificatien and celeur, the Carche Fm (Martin-Chivelet,
1994; Chacén and Martin-Chivelet, 2005b) and the Aspe
Fm (Chacén and Martin-Chivelet, 2005b).

The Carche Fermatien creps eutin the nerth-western
part ef the study area (Carche, Salinas, Mariela, Vall
d’Ebe, and Maigmeé sectiens), which palacegeegraphi-
cally cerrespends te shallewer hemipelagic settings. It is
90 te 110 m thick and censists ef light-celeured, eften
burrewed, limestenes and marly limestenes, cemmenly
stratified in peerly-defined, 0.1-0.2 m thick, beds
(Fig. 6D, E). These yield abundant planktenic and
small benthic feraminifers, ineceramids, echineids, and
seme ammeneids. Facies analyses indicate carbenate te
mixed hemipelagic settings, cerrespending te euter
platferm envirenments.

Laterally and basinwards, the Carche Fermatien
grades inte the Aspe Fermatien, depesited in hemi-
pelagic settings netably deeper. The Aspe Fm censists of
markedly rhythmic successiens with altematiens ef
white, pink and red limestenes, marly limestenes and
marls (Fig. 6F, G). These successiens are punctuated by
dm-scale beds ef fine-grained calcarenites, shewing
abundant tractien structures, which have been inter-
preted as centeurite depesits (Martin-Chivelet et al.,
2003). The presence ef these tractive depesits is
variable, being particularly abundant in the Caravaca
area, suggesting a new cenfiguratien ef ecean currents
between Iberia and Africa. This passage censtituted the
main straits affecting the equaterial system ef surface
and subsurface currents (Philip and Flequet, 2000).

The Aspe Fm shews censiderable lateral changes in
thickness (7-75 m), especially in the Jijena-Terreman-
zanas area, where the unit partly cevers the Terreman-
zanas High (Fig. 2). @n this elevated bleck, highly
cendensed epen-water successiens were depesited.
These include a successien ef intensely mineralized
hardgreunds, rich in phesphates and glaucenite, eften
shewing fine pelagic strematelitic laminae.

The age of the Carche Fm is latest Santenian te early
Maastrichtian, as determined by planktenic feraminifera
(Chaceén et al., 2004). The unit cemprises the fellewing
biezenes: D. asymetrica (enly its uppermest part), G.
elevata, Globotruncana ventricosa, Globotruncanita

calcarata, Globotruncana falsostuarti and Gansserina
gansseri (enly its lewer-middle part). All these biezenes
have been alse identified in the Aspe Fm, with the
exceptien of the D. asymetrica Zene. The Aspe Fm is
censidered earliest Campanian—early Maastrichtian in
age.

4.6. “Mid” Maastrichtian event

A “mid” Maastrichtian tectenic event marked the end
of EBSU-2 depesitien. This event abruptly changed the
geemetry and sedimentary cenditiens ef the basin, and
cenfigured the new palacegeegraphy that was te centrel
the develepment of EBSU-3. The main changes eccurring
in the study area were: 1) tectenic mevements giving rise
te small, lew-angle, inverse faults (Aspe sectien); 2)
increased instability preducing synsedimentary slamps,
elistheliths and debris-flews; and 3) substantially en-
hanced siliciclastic influx, with marly sedimentatien
beceming deminant after the event.

The tectenic event is recerded in a regienal uncenfer-
mity. In the nerth-westernmest area, in the Carche sectien,
this surface is marked by an iren-rich swface with a
related miner hiatus. Mere te the seuth (Aspe sectien)
(Fig. 7B), the event is recerded in a cemplex interval,
revealing intense synsedimentary tectenism: the devel-
epment of lew-angle, inverse faults, synsedimentary
slamps and elistheliths (Chacén and Martin-Chivelet,
20012). In the Subbetic of Caravaca, a debris-flew bed
asseciated with the discentinuity is recegnized (Fig. 7C).
In ether areas, a miner paracenfermity er even cenfermi-
ty, cerrelative te the described uncenfermity, may be
ebserved (Alfaz del Pi, Maigmé, Aixerta). In all these
eutcreps, the event was marked by a rapid rise in the
argillaceeus centent ef the facies.

The “mid” Maastrichtian event lasted a shert time.
The depesits immediately belew the event herizen have
been dated as early Maastrichtian (middle part ef the G.
gansseri Zene) and these resting ever it are earliest late
Maastrichtian (uppermest part of the G. gansseri Zene,
characterized by the presence ef Contusotruncana
contusa and/etr Racemiguembelina fiucticosa) (Chacén
and Martin-Chivelet, 2001b, 2003, 2005a).

4.7. EBSU-3 (upper Maastrichtian)

After the tectenic event, sedimentatien resumed within
a new mixed carbenate-siliciclastic, hemipelagic setting,
characterized by an intense influx ef fine terrigeneus
material and by much deeper envirenments than EBSU-2.
Tethe areas of the Franja Anémala that remained emerged
(e.g., Sierra Larga), this event meant the resumptien ef



Fig. 7. A, B and C) Field aspects of the “mid” Maastrichtian event. Bebris flow beds mark the event in both, Aixorta (A) and Caravaca (C). B) An
unconformity (outlined) separates the marly limestones of EBSU-2 from the marls of EBSU-3 in Aspe. The unconformity surface is covered by
shunps, and olistholiths (white arrows). B E) Field aspects of the marls predominant in EBSU-3 (Raspay Fm), in Maigmo (B) and Aspe (E). F-G)
SEM images of diagnostic planktonic foraminifera species from EBSU-3: Abathemphalus mayareensis (F) and Centusetruncana centuse (G).

sedimentatien after mere than 25 millien years ef sub-
aerial expesure. These new cenditiens centrelled the
sedimentatien ef EBSU-3, which lasted until the end ef
the Maastrichtian.

EBSU-3 essentially censists ef marls and marly
limestenes, greenish te greyish celeured, with seme fine
limestene intercalatiens (Fig. 7D, E). These are framed
within the Raspay Fermatien (Martin-Chivelet, 1994;
Chacén and Martin-Chivelet, 2005b), which is 7 te 50 m
thick and develeped ever all the study area, including the
Terremanzanas High (Fig. 3). The unit centains rich
asseciatiens ef planktenic and benthic feraminifers,
estraceds, ineceramids and echineids, and its depesitien
teek place in a mixed hemipelagic setting, receiving a

high fine terrigeneus input and speradic cearse grained
turbidite cuirents, which yielded rewerked fragments ef
shallew water bieta, mainly erbitelinids. The rich benthic
feraminiferal assemblage (including Bolivinoides draco
draco; Cibicidoides velascoensis; Coryphostoma incras-
sata; Globorotalites conicus; Nuttallinella flovealis; and
Reussella szajnochae; ameng ethers) has enabled an
appreximatien te the water-depth ef 200 m er deeper,
accerding te the palacebathymetry estimatiens ef Van
Merkheven et al. (1986). Sea fleer instability is variable
spatially, but in seme areas (Aspe, Alfaz del Pi) strati-
ficatien is strengly disturbed by synsedimentary slamps.

The age of EBSU-3 is late te latest Maastrichtian, as
it includes the upper pat of the G. gansseri Zene and



the Abathomphalus mayaroensis Zene (Fig. 4). Unlike
the previeus units, the enset of EBSU-3 sedimentatien
was practically centemperanceus all ever the study area,
with the exceptien ef the Terremanzanas High, where ne
sedimentatien teek place until the latest Maastrichtian.
At this peint the unit recerds its minimum thickness
(less than 7 m) and censists ef a cendensed sequence ef
reddish, nedular, marly limestenes te marls.

4.8. Maastrichtian—-Danian boundary event

At the end of the Maastrichtian, a new event teek place
in the basin, indicating the end ef EBSU-3 depesitien.
This new event caused abrupt changes in subsidence,
water-depth, bietic assemblages, envirenments and
sedimentary cenditiens, and prepared the basin fer the
depesitien of EBSU-4 (Danian te late Thanetian interval).
The causes eof this event were cemplex ewing te a
superpesitiening ef regienal tectenics, that induced bleck
mevements and differential subsidence, aleng with the
envirenmental and bielegical effects of the Cretaceeus—
Palacecene (KP) beundary glebal event.

The recerd of the event in the basin was feund te be
different depending en the area. Clese te land (Carche,
Aixerta), the rate ef hemipelagic sedimentatien rapidly
decreased until ceasing at the end ef the Maastrichtian.
As a result, an intensely burrewed, bered and mineral-
ized hardgreund fermed (Fig. 8A, B), which eventually
became celenized by epibenthenic gastrepeds and
brachiepeds. @n this surface, epen marine, phesphate
strematelites develeped (Chacén and Martin Chivelet,
1999; Chacén, 2002). Sedimentatien in these areas did
net restart until the early (but net earliest) Danian
(Carche, Aixerta) er much later, as far as the Thanetian.

Basinwards, the recerd of the event dees net reflect
the develepment ef a sedimentary discentinuity. This is
the case of the sectiens of Agest and Caravaca, where
the Maastrichtian—Danian transitien has a very cem-
plete recerd. @wing te their cempleteness and the
excellent expesure, these sectiens have beceme werld
references fer the Cretaceeus/Palacegene beundary
(Canude et al., 1991, Melina et al., 1996, 1998, 2005,
ameng ethers).

Regienally, the Maastrichtian—Danian event marked
the intense reerganizatien ef sedimentary envirenments.
After the event, the nerth-westernmest areas recerded a
decrease in water-depth, and carbenate euter te inner
shallew platferms develeped ever the hemipelagic
depesits of the Raspay Fm basinwards. @n the centrary,
in the seutheasten secters the water-depth rapidly rese
and mixed hemipelagic sedimentatien centinued, al-
theugh turbidite cutrents became mere abundant.

The regienal event teek place between the end ef the
Maastrichtian and the beginning ef the Danian. The
Maastrichtian—Danian herizen separates the 4. mayar-
oensis Zene bearing depesits frem sediments that
include the G. cretacea + P longiapertura Zene
(Canude et al., 1991; Parde et al., 1996; Melina et al.,
1996; Chacén, 2002).

4.9. EBSU-4 (lower Danian—upper Thanetian)

EBSU-4 was depesited under the new envirenmental
and palacegeegraphical cenditiens generated during the
Maastrichtian—Danian event, which prevailed until the
late Thanetian. We sheuld mentien that the sedimentary
recerd ef this unit is quite incemplete ever mest of the
study area, and that the interpretatiens herein presented
are limited by the scarcity ef eutcreps ef this age.

The previeus event prebably determined the gener-
atien ef a submerged tepegraphy, with prefeund
bathymetric differences. Water-depths ranged frem
very shallew, with the develepment ef reef carbenates
in the Carche sectien, te bathyal in the seuthernmest
areas (Caravaca, Agest). Tepegraphic highs pessibly
develeped in seme areas, as suggested by the hard-
greunds and strengly cendensed sectiens that fermed in
the Aixerta area.

EBSU 4 is represented by twe lithestratigraphic
units: the Alberquilla Fm and Agest Fm (Chacén, 2002;
Chacén and Martin-Chivelet, 2005b). Beth units are age
equivalent, altheugh ne lateral intermediate facies were
ebserved between them (Figs. 2 and 3).

The Alberquilla Fm creps eut enly in the nerth
westernmest zenes ef the analyzed area, that weuld
palacegeegraphically cerrespend te the shallewest
areas, nearer the emerged lands. It is 30 m thick and is
fermed in its lewer pait by white te beige, thinly
stratified, fine bieclastic, wackestenes, rich in reunded
planktenic feraminifera, seme micrebenthic feraminif-
era, estraceds and fragments ef echineids (Fig. 8D).
Upwards, these limestenes grade inte white, cearser
wackestenes te grainstenes, with abundant large benthic
feraminifera, remains ef red algae, echinids, bryezeans
and bivalves, and massive reefal framestenes, with
celenial cerals and red algae. The vertical successien of
facies reveals a rapid transitien frem preximal euter
platferm envirenments te an inner platferm, reefal/
parareefal setting.

The age estimatien ef the Alberquilla Fm is mainly
based en large benthic feraminifera, which are abundant
in its middle and upper parts (Fig. 8F-G). Three
Shallew Benthic Zenes (SBZ) — 2, 3 and 4 (as defined
by Serra-Kiel et al., 1998) — were recegnized here.



Fig. 8. A) Field aspect of the Maastrichtian-Banian hardground in Sierra del Carche (Carche section) separating the top of EBSU-3 (Raspay Fm) from
the limestones of EBSU-4 (AlberquillaFm). Note the large Thaelassineides burrows at the top of EBSU-3. B) Microphotograph of a thin section of the
same hardground, showing micro swomatolitic lamination, enriched in phosphates. C, B and E) Field aspects of EBSU-4 in (C) the Agost section
(Agost Fm); (B) Carche section (Alberquilla Fm); and (E) Alfaz del Pi section (Agost Fm). F-G) Microscopy images of diagnostic large benthic
foraminifera in EBSU-4 (Alberquilla Fm). F) Nummulites catari. G) Hettingerina lukasi.

Accerding te Serra-Kiel et al. (1998), SBZ 2 is
Selandian in age, SBZ 3 is late Selandian te early
Thanetian, and SBZ 4 is late Thanetian. The lewermest
part ef the unit, centaining very few large benthic fera-
minifera, was dated by means ef planktenic feraminif-
era. Accerding te these fessils, the age ef the base is
early (but net basal) Danian. The unit rests uncenferin-
ably en the hardgreund develeped at the tep ef the
Raspay Fm.

The Agest Fm, which eutcreps in the central and
seuthern areas, averages 15 m thick and mainly censists ef
red te green marls (Fig. 8C) rich in planktenic and small

benthic feraminifera, estraceds and echineid remains.
The Fm alse shews fine intercalatiens ef greenish te
greyish marly wackestenes, particularly in its lewer and
upper part (Fig. 8E). These materials were depesited in
hemipelagic envirenments receiving high ameunts ef
clays. Based en the rich benthic feraminifer assemblage
(including Bulimina trinitatensis Cushman and Jarvis,
1928; C. velascoensis Cushman, 1925; Gyroidinoides
globosus Hagenew, 1842 and Nuttallides truempyi
Nuttall, 1930, ameng ethers), a bathyal water-depth
deeper than 500 m was calculated fer these depesits
(Agest, Caravaca), accerding te the estimates ef Berggren



and Aubert (1983) and Van Merkheven et al. (1986).
These envirenments, deminated by lew energy settings,
suffered speradic turbidity cuirents (represented by finely
laminated, sandy packstenes, mainly in the lewer part of
the unit) er debris flews (Alfaz del Pi).

The eldest depesits eof the Agest Fm are earliest
Danian in age. Age dating is based en the mest cemplete
sectiens (Agest and Caravaca), where the first biezene
of planktenic feraminifers ef the Palacecene has been
identified (e.g.: Canude et al., 1991; Parde ct al., 1996;
Melina et al, 1996, 2005). The tep ef the unit is
intensely diachreneus given it is usually capped by an
eresive surface. In Caravaca, where this eresive surface
is absent, a Globanomalina pseudomenardii Zene
identified at the tep ef the unit (Pujalte et al., 1994)
indicates a Thanetian age. In the Aixerta regien, the
depesits cerrespending te this time-interval are repre-
sented by a cendensed sequence, fer which depesitienal
rates lewer than 0.5 mm/1000 years were calculated.
Bered hardgreunds and epen marine strematelitic crusts
with abundant entrapped planktenic feraminifera are the
mest typical features of this sequence.

4.10. Late Thanetian event

In the late Thanetian, a regienal tectenic episede
ence again caused rapid changes in basin geemetry and
prepared the new tectenesedimentary setting in which
the depesitien of EBSU-5 weuld take place. This event,
marked by an uncenfermity in the whele area, defines a
majer regienal change in the sedimentary cenditiens.
These started te be centrelled by turbidity currents,
which affected mest of the area examined.

The event is recerded in the Carche sectien by a
highly burrewed surface at the tep ef the Alberquilla
Fm. This surface marked the end ef the develepment of
the reefal cemplex and the enset of mixed sedimentatien
of marls and turbidites (Pinese Fm, see belew). In the
Aixerta zene, the event is recerded by the generatien of
an elistelithic unit, which includes large slumps and
beulders eof latest Cretaceeus—Palacecene age (Fig. 9A,
B). In ether areas, like Maigmé and Aspe, the event
implied intense eresien, which eliminated part er all ef
the Agest Fm (Palacecene) and even part ef the Raspay
Fm (Upper Maastrichtian), befere the depesitien ef
EBSU-5 had staited (Fig. 3). Basinwards in Caravaca,
ne substantial eresien eccurred, and the event is marked
by a rapid increase in the influx ef turbidites.

The age ef the event is herein censidered as late
Thanetian. The yeungest depesits belew the uncenfer-
mity feund in Caravaca, are late Thanetian (G.
pseudomenardii Zene sensu Pujalte et al., 1994, a zene

equivalent te P4a and P4b in Berggren and Nerris, 1997),
whilst the depesits abeve it are early Ilerdian (the term
Ilerdian is used here in the sense of Hettinger and Schaub,
1960 and @rue-Etxebartia et al., 2001). In the Carche
sectien, these depesits cerrespend te the Shallew Benthic
Zene 5 (sensu Serra-Kiel etal., 1998) and, inthe rest efthe
study area, te the Acarininasoldadoensis Zene (fellewing
the biezenatien by Pujalte et al., 1994, a zene equivalent
te zenes P4c and P5 in Berggren and Nerris, 1997).

4.11. EBSU-5 (uppermost Thanetian to lower lpresian)

After the late Thanetian event, sedimentatien in mest
of the area became deminated by euter platferm te
hemipelagic cenditiens, strengly influenced by turbidite
precesses. The result is a heterelithic reck unit ef variable
thickness (7-30 m), the se-called Pinese Fermatien
(Chacén and Martin-Chivelet, 2005b), fermed by sreen te
echre marls altermating with echre, eften laminated, sandy
packstenes te grainstenes ef turbiditic erigin (Fig. 9C, D).

These marls yield rich assemblages ef planktenic and
benthic feraminifera, seme estraceds and echineid
remains, whilst the sandy limestenes shew censiderable
mixing with faunal debris. These mixtures include
remnants ef shallew and deeper bieta (fragments ef
echinids, red algae, bryezeans and Distichoplax biserialis
(incertae sedis), an abundance ef large benthic ferami-
nifera, seme small benthic feraminifera, estraceds and
scarce planktenic feraminifera) that shew different
degrees of sedimentary rewerking (Fig. 9E, F).

The age of EBSU 5 is latest Thanetian te early
Ypresian (i.e., middle Ilerdian in the sense of Hettinger
and Schaub, 1960; @rue-Emkebarria et al., 2001), based
en the study ef nen-rewerked, large benthic feraminifera
in the Carche sectien. These feraminifers led te the
identificatien ef SBZ 5 (sensu Serra-Kiel et al., 1998;
Chacén, 2002) as well as planktenic feraminifera frem
ether sectiens (Aspe, Caravaca), characterising the A.
soldadoensis Zene and the lewer part of the Morozovella
subbotinae Zene (equivalent te P6 in Berggren and
Nerris, 1997).

Altheugh EBSU-5 reflects substantial regienal he-
megenisatien eof the depesitienal cenditiens, in seme
basinward areas (Aguas de Buset), sedimentatien is
represented by epen marine, red celeured, intensely bur-
rewed, cendensed carbenate hemipelagic depesits fermed
at bathyal depths (Chacén, 2002).

4.12. Intra-presian event

Within the Ypresian, the last ef the main tectenic
episedes teek place, leading te the re-erganizatien ef



Fig. 9. A) Field aspect of the latest Thanetian event in the Aixorta section, marked by chaotic deposits that include large boulders #om the latest
Cretaceous limestones (sometimes showing the development ofa latest Maaswichtian—Palacocene hardground). B) Betail of the chaotic bed, showing
limestone boulders of latest Cretaceous age embedded in and mixed with late Thanetian dark calcarenites, rich in siliciclastics. C and D) Field views
of EBSU-S (Pinoso Fm) in Sierra del Carche (C) and Aspe (B). E and F) Two aspects of microfacies of EBSU-S showing a noticeable mixture of
remains of faunas from different environments and ages. Key: f.m. large benthic foraminifera; p.T.. Tertiary planktonic foraminifera; p.R.

Cretaceous planktonic foraminifera (reworked).

sedimentary envireranents. This meant a change in the
sedimentary cenditiens, altheugh they centinued te be
relatively hemegenceus acress the whele area. This
event marked the end ef EBSU-5 depesitien and is
recerded by a regienal uncenferinity.

In the nerth-westernmest area (Carche), the marls and
sandy limestenes eof the Pinese Fm are limited at the tep
by an eresive surface, ever which green marls, veryrich in

planktenic and micre-benthic feraminifera, bivalves and
fragments ef echinids, uncenfertnably rest. In the
Maigmé area, sedimentatien after the tectenic event is
alse represented by green marls but, in this area, marls
include many thick intercalatiens ef limestenes and marly
limestenes, shewing numereus sluomp structures and
seme calcarenite and laminated limestene beds eof
turbiditic erigin, very rich in macre-benthic feraminifers.



In the Jijena-Terremanzanas area, the Raspay Fm
Maastrichtian depesits are directly cevered by Fecene
beige te green matrls, yielding a rich asseciatien ef plank-
tenic and micre-benthic feraminifers. Tewards the tep,
these marls altemate with increasingly mere numereus
and thicker beige marly limestenes beds, with abundant
nummulitids and milielids.

We knew the event teek place within the Ypresian,
since the yeungest depesits belew the uncenfermity,
feund in Aspe, are early Ypresian (M. subbotinae Zene;
P6a Zene of Berggren and Nerris, 1997), and the eldest
depesits resting ever the uncenfermity have been dated
as latest Ypresian (P9 Zene ef planktenic feraminifera
described by Berggren and Nerris, 1997).

S. Factors controlling stratigraphic units and
regional events

The events and genetic units (EBSUs) described in
the previeus sectien eutline the develepment ef the
hemipelagic settings ef the ancient seuthem centinental
margin ef [beria during the end efthe Mesezeic and start
of the Cenezeic, i.e., the time interval in which this
basin changed frem a passive centinental margin te a
cenvergent ene. In this sectien, the erigins ef these
events and the sedimentary patterns marked by the
EBSUs are discussed in the evelutienary framewerk ef
the sedimentary basin and the Iberian plate (Fig. 10).

During mid Cretaceeus times, Iberia fermed a
triangle-shaped micreplate between Africa and Eurepe.
This micreplate was beunded by: the Bay ef Biscay’s
sea-fleer spreading axis and its centinuatien inte the
Nerth Pyrenean Fault Zene te the nerth; by the Nerth
Atlantic sea-fleer spreading axis te the west; and by the
Azeres and Alberan Facture Zenes te the seuth and
seutheast (Fig. 1) (e.g., Ziegler, 1988). Seutheastwards
frem this last beundary and partly detached frem Aftica,
was the tectenically mebile, centinental bleck ef
Alberan-Kabilias. This bleck was te be crucial in the
subsequent evelutien ef the Betic margin, and part ef it
teday cemprises the Internal Zene ef the Betic Chain.

The centinental part ef Iberia was then surreunded by
the Pyrenean and Basque-Cantabrian basins te the nerth,
the Lusitanian passive margin te the west and the Seuth
Iberian centinental (er Betic) margin te the seuth-
seutheast. This last margin was the eutceme ef the
break-up and eblique divergence of Afiica and Iberia
during the whele Mesezeic, with twe main extensienal
phases during early Jurassic and early Cretaceeus times
(GarciaHernandez etal., 1980; Ziegler, 1988; Vera, 1988,
2001; Vilas et al., 2001). Fellewing the secend exten-
sienal phase, the basin reached its maximum extensien.

This eccutred during a peried ef thermal subsidence in the
mid Cretaceeus (Martin-Chivelet, 1996). After this, the
basin entered a cemplex evelutienary precess that
precluded its transfermatien inte a cenvergent margin
(e.g., Martin-Chivelet, 1996; Martin-Chivelet et al.,
2002). This precess was the respense te cenvergence
between Afiica and Eurasia, which culminated in the
Miecene with the head-en centinental cellisien between
Aftica and Iberia and the fermatien ef the Betic—Rif
eregenic belt (e.g., Ziegler, 1988; Dewey et al., 1989).

The sedimentary sequences examined here began their
develepment after a peried of regienal tectenic activity,
which teek place in the late Cenemanian and Turenian.
Tectenism gave rise te new listric faults (er reactivated
pre-existing enes) in the Betic margin and induced abrupt
tepegraphic changes in the basin, all related te changes in
the intraplate stresses ef Iberia (De Ruig, 1992; Martin-
Chivelet, 1992, 1996; Martin-Chivelet et al., 2002). At
that time, Iberia meved independently, retating ceunter-
cleckwise relative te Eurepe in respense te sinistral,
transtensienal, mevements eccurring between Africa and
Eurepe (e.g., Savestin et al., 1986; Ziegler, 1988), and
seafleer spreading teek place aleng the axes established
frem Aptian times in the Bay ef Biscay and the Nerth
Atlantic (Fig. 10). During the middle Cenemanian te late
Turenian interval, the Bay of Biscay ecean axis spreading
rate increased, determining an extended, multiphase rise
in subsidence at the Basque-Cantabrian margin (e.g.,
Grife, 1994, 2005), and generalized tilting ef the Iberian
centinental massif tewards the nerthwest (e.g., Garcia
etal., 1985; Flequet, 1991; Martin-Chivelet and Giménez,
1993; Alense et al., 1993; Wallrabe-Adams et al., 2005).
Simultaneeusly, at the seuthern plate beundary (Alberan
Fault Zene), pessibly the first transpressienal-cempres-
sienal mevements eccuired, as revealed by the shert
phase eof lew temperature—high pressure metamerphism
that teek place in the Alberan-Kabilias bleck areund
91 Ma (De Jeng, 1990; Kuhnt and @bert, 1991; Puga
et al., 2002).

In the study area, the end ef the phase ef tectenic
activity cerrespends te the Ceniacian, ceinciding with
the “88.5 Ma extensienal tectenic event” described feor
the Prebetic platferm by Martin-Chivelet (1996). Upper
Ceniacian and Santenian depesits, under cenditiens ef
relative tectenic quiescence, sealed the fermer listric
faults, and cevered all the area, except fer the inherited
tepegraphic highs. These aspects, aleng with the
hemegeneity ef facies, suggest substantial relaxatien
of previeus tectenic stresses.

The late Ceniacian te early late Santenian was, in
fact, an interval ef mederate but generalized subsidence
in nearly all the basins ef Iberia (Fig. 10) (e.g., Flequet,
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1991; Grife, 1994; Martin-Chivelet, 1996; Grife, 1999;
Reicherter and Pletsch, 2000; Vilas et al., 2003),
characterized by the centinuatien, er re-establishment,
of wide carbenate platferms in shallew basin areas. In
the Basque-Cantabrian, Pyrenean and Iberian Basins,
majer stratigraphic uncenferinities separate elder depes-
its frem the Ceniacian—Santenian platferms (e.g.,
Flequet, 1991; Grife, 1994; Grife et al., 2002,
Berastegui et al., 2002), which ceuld be related te the
slewing dewn ef seafleer spreading rates in the Bay ef
Biscay and transtensienal mevements eccuwring be-
tween nerthern Iberia and Eurepe (Grife et al., 2002;
Flequet, 2004). It is remarkable that, during this interval
of relaxatien eof intraplate stresses in the seuthern half ef
Iberia, the Basque-Cantabrian and Betic margins, be-
came cennected via the Iberian intracentinental basin,
which acted as a shallew seaway (Alense et al., 1993).

In the study area, the Ceniacian—Santenian interval ef
relative tectenic quiescence ended areund 84 Ma, when
the intra-late Santenian event teek place. This event,
which caused changes in basin geemetry, palacegeegra-
phy and subsidence patterns, has been described te have
had similar censequences in ether areas ef the centinental
margin, such as the Prebetic platferm (where the event is
censidered as latest Santenian te earliest Campanian in
age, Martin-Chivelet, 1996; Martin-Chivelet et al., 1997;
Vilas et al., 2003), and the pelagic demains ef the Subbetic
(Reicherter and Pletsch, 2000). In general, abrupt bleck
mevements and a substantial slewing dewn ef regienal
subsidence teek place. Aleng with a generalized increase
in terrigeneus influx and rapid, tectenically induced
regressien in the Prebetic platferm, these facters strengly
suggest a cempressienal erigin fer the event. This
interpretatien is in agreement with the changes that were
taking place in Iberia and its plate beundaries.

At that time, majer plate reerganizatien eccurred
between Eurepe and Africa, causing the end ef the
ceuntercleckwise retatien ef Iberia relative te Eurepe
(Srivastava et al., 1990) and the enset ef African—
Eurepean cenvergence (e.g., Savestin et al., 1986).
Iberia, which had meved independently since the
Aptian, then became attached te Africa (Maldenade
et al, 1999). All these phenemena induced drastic
changes in the basins ef Iberia (Fig. 10). In the Nerth,
seafleer spreading in the Bay ef Biscay finished befere
chren 34 (latest Santenian, 84 Ma) (Beillet and Maled,
1988; Srivastava et al., 1990; @livet, 1996). Alse, ex-
tensienal velcanism (which lasted since the Albian) in
the Basque-Cantabrian regien came te an end (Casta-
flares et al., 2001), and the first thrust-sheets were
emplaced in the central-eastern Pyrenees (Puigdefabre-
gas and Seuquet, 1986). Mercever, a generalized uplift

affected the central part ef Iberia, accempanied by majer
marine regressiens (Flequet, 1991; Alense et al., 1993;
Garcia et al., 2004; Flequet, 2004). As a censequence,
the marine cennectien that existed between the Basque-
Cantabrian and the Betic margin acress the Iberian sea-
way was definitively cut. In centrast, African—FEurepean
cenvergence preveked a stage ef penetrative deferma-
tien in the Alberan-Kabilias bleck (cf. Wildi, 1983;
Dewey et al., 1989; De Jeng, 1990; cf. Puga et al.,
2002).

During the Campanian and early Maastrichtian
interval, sedimentatien teek place in the Betic margin in
a setting of mederate subsidence, shallewer cenditiens
and certain tectenic instability. Bleck mevements and
plate adjustments cenfigured a new eceanegraphic pattern
in the hemipelagic settings, allewing the depesitien ef
centeurites (bettem-current rewerked hemipelagites).
The sea fleer became affected by deep ecean curents,
prebably because eof its lecatien in the nerthem beundary
of the pregressively narrewer eceanic passage between
Africa and Iberia, threugh which the equaterial current
system flewed in the westemmest area ef the Tethys
Seaway (Martin-Chivelet et al., 2003).

Sedimentatien prevailed until the “mid” Maastrich-
tian, when the event that eccurred areund the early te late
Maastrichtian transitien net enly caused majer changes
in sedimentatien but gave rise te the first unequivecal
cempressienal defermatiens feund in the study area.
These are reflected in inverse faults and in the
cectaneeus emplacement ef elisteliths. In ether areas
of the Prebetic as well as in the Subbetic, the event has
alse been identified. In the fermer, it marks an abrupt
change inthe evelutien ef the shallew platferms (Martin-
Chivelet, 1995), whereas in the Subbetic, rapid deepen-
ing ef pelagic demains teek place (Chacén, 2002).
There, centeurite depesits beceme replaced by a sedi-
mentatien deminated by marls, in which the presence of
turbidites and ether gravitatienal depesits is net
uncemmen. The simultaneeus uplift ef the shallew
areas and sinking ef the deeper enes ceuld alse be
evidence — en a lithespheric scale — ef cempressien,
pessibly reflecting the vertical lithespheric metiens ef a
basin flank affected by tectenic centractien. Numerical
medels indicate that when a centinental margin is
subjected te cempressien, the peripheral bulge flanking
the basin can be magnified, resulting in uplift of the basin
flanks and seaward migratien ef the shereline (Clee-
tingh, 1988). Simultaneeusly, the basin centre deepens,
leading te a steeper slepe.

The ‘mid’ Maastrichtian event can be cerrelated with
the majer palacegeegraphic changes eccurring in the
nerthern areas ef Iberia, beth in the Basque-Cantabrian



and the Pyrenean basins (Puigdefabregas and Seuquet,
1986; Flequet, 1991; Deramend et al,, 1993; Baceta
et al., 2004; Flequet, 2004) in respense te centinued
Nerth—Seuth cenvergence and transpressien (Fig. 10).
Siliciclastic input netably increased in all basins, pre-
bably reflecting the uplift and eresien ef central Iberia.
Similar cempressienal episedes have been reperted in
the Maastrichtian ef different lecatiens ef nerthern
Africa (e.g., Chetin et al., 2000; Ait Brahim et al., 2002).

The tectenic event in the study area during the
Cretaceeus—Palacegene transitien caused envirenmental
and palacegeegraphical changes related te the glebal KP
mass-extinctien. These changes have alse been detected
in the Prebetic platferm, where vertical lithespheric
mevements, generalized uplift and rapid transgressien
eccurred tewards the end ef the late Maastrichtian
(Martin-Chivelet, 1992). These precesses led te the
fermatien ef small basins that were lately filled with
evaperites (Feurcade, 1970). Fer the Subbetic, Vera et al.
(2003) described a rapid bathymetric change in the
pelagic envirenment, and depesitien, during the Danian te
earliest Selandian, ef massive accumulatiens ef calcar-
enites bearing Microcodium clasts frem emerged areas.
Threugheut the Betic margin, regienal tectenism induced
rapid differential subsidence. Again, we find shallewer
areas ef uplift and basin centre deepening, prebably re-
flecting the lithespheric metiens of a basin flank subjected
te cempressienal episedes (Cleetingh, 1988).

The rest of Iberia and Nerthern Africa were alse
characterized by cempressienal tectenics at this time
(e.g., Andeweg, 2002), altheugh mest ef the studies
examining different basins fell shert ef the temperal er
spatial accuracy necessary te establish precise cerrela-
tiens. Acress the Pyrenean and Basque-Cantabrian
basins, inversien eof fermer Mesezeic nermal faults
eccurred, and subductien er underthrusting was active.
Within this cempressienal setting, hewever, a peried of
relative quiescence started areund the KP beundary in
the Pyrenees, which weuld last until the end ef the
Palacecene er earliest Fecene (e.g., Pujalte et al., 2000;
@ruc-Ewebarria et al., 2001; Baceta et al, 2004) and
which was accempanied by very lew rates ef tectenic
shertening (Verges and Garcia-Senz, 2001).

The late Thanetian event recegnized in the study area
represents a regienal tectenic pulse that caused eresive
phenemena and/er a majer changes in sedimentatien,
defned by the installatien ef relatively shallew turbiditic
systems. De Ruig (1992) alse described rapid platferm
emergence, bleck-faulting, and tectenic steeping ef the
centinental slepe in the margin. All these features strengly
suggest a centractienal erigin fer this event. Its cerrelation
with ether parts of the centinental margin as well as with

ether basins ef Iberia and swreunding areas is, neverthe-
less difficult, prebably because ef the lack ef accurate
studies and precise age-dating. The exceptien is the
Pyrenees (Fig. 10), where Palacecene—Eecene marine
successiens are exceptienally develeped and expesed.
Here, a regienal tectenic event marked the end ef the
peried ef tectenic quiescence mentiened abeve. This
event, identified by several authers, has been recently
dated as latest Thanetian (lewer Ilerdian) by @rue-
Ewebania et al. (2001).

Finally, the intra-Ypresian event, which marks the end
of the time-span censidered in this paper, represented a
majer event in the evelutien ef the study area andrest of
the Betic margin. This event, which invelved deferma-
tienal structures and a main eresive stage in the Prebetic
area (De Ruig, 1992; Geel et al., 1998), marked a sharp
acceleratien of cempressienal mevements. Majer changes
in depesitienal systems and subsidence have alse been
described inthe Subbetic, where the lecal emplacement ef
elistestremic units started te take place (Cemas, 1978;
Vera, 2004). This acceleratien in cempressienal regime
hasalse been reperted for the Intemal Betics (e.g., Martin-
Algaira, 2004), where a phase ef high pressure metamer-
phism started (Puga et al., 2002). Beyend the Betics, the
tectenic episede has been described fer many places ef
Iberia and the western Mediterranean area, indicating the
bread reerganizatien ef African—Furepean relative
metiens (c.g., Ziegler, 1988; Dewey et al., 1989).
Remarkably, in the Pyrenees, this time ceincided with
the enset of the main eregenic phase (Puigdefabregas and
Seuquet, 1986; Verges and Garcia-Senz, 2001; Mufiez,
2002), and, in the interier of Iberia, the majer basin
inversiens cemmenced (e.g., Alvare et al, 1979; Guimera
and Alvare, 1989; Guimera et al, 1995; Salas et al,
2001), linked te the transmissien ef stresses frem the
nerthern and seuthern plate margins.

6. Conclusions and summary

Herein, we examine the upper Cretaceeus te lewer
Fecene hemipelagic successiens expesed in the Fastern
Prebetic Zene (SE Spain), in an effert te decument the
develepment of the ancient seuthern centinental margin ef
Iberia during its transitien frem a passive margin te a
cenvergent ene. The leng-term stratigraphy ef these suc-
cessiens is punctuated by six regienal events, shewing
abrupt changes in palacegeegraphy, envirenmental cen-
ditiens and sedimentary facies, as well as significant
depesitienal gaps, variatiens in sedimentatien rates, and
enhanced synsedimentary tectenics. Cellectively, they
suggest impertant recenfiguratiens ef the basin’s archi-
tecture that teek place at time intervals netably sherter



than the chrenebiestratigraphy is able te reselve. The ages
ef these six events, determined by planktenic feraminifera
biestratigraphy, are: intra-Ceniacian, late Santenian,
“mid” Maastrichtian, latest Maastrichtian—earliest Danian,
late Thanetian and intra- Ypresian.

The events are tectenic in erigin. Each ene caused
abrupt changes in lecal and regienal subsidence and rapid
differential bleck mevements, cenfiguring a new scenarie
for sedimentatien. The sedimentary systems that devel-
eped under each scenarie are greuped inte genetic units
beunded by event herizens, herein deneted “event
beunded stratigraphic units” (EBSUs). Frem a regienal
perspective, by identifying and characterizing these
EBSUs, a detailed chrenestratigraphic framewerk can
be inferred for the Betic centinental margin, frem shallew
te deep sequences, en which te base further studies.

Threugh tectenesedimentary characterizatien ef the
events and cerrelatiens with beth, the adjacent shallew
marine sequences ef the Prebetic platferm and the basin
pelagites of the Subbetic, each EBSU (but the first) was
interpreted as induced by centractienal tectenics. Besides,
cemparisens with ether basins ef Iberia and Nerthem
Africa allewed us te censider the develepment ef the
Betic margin within the framewerk ef the geedynamic
evelutien ef the western Tethys, and te explain the events
as the result of changes in intraplate stresses related te
relative mevements between Africa, Eurepe and Iberia.

Frem a methedelegical standpeint, this werk shews
the enermeus petential of event stratigraphy fer analys-
ing large sedimentary basins and making extrabasin
cerrelations.
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